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1. INTRODUCTION

The purpose of this report is to communicate the partial results
obtained to date in our investigation of the title problem. These studies
are continuing, and & complete documentation, including a discussion of
the relevant literature, will be provided in the future. The present
communication will satisfy the requirements of the original grant, how-
ever, and will allow it to be terminated.
_ Since a more complete documentation of the facility, procedures,
and results will be forthcoming and since certain alterations and improve-
ments will be affected in these matters, the current results will be pre-
sented with minimum discussion. However, it should be noted that the
findings to date are considered to add significant information to the
extant knowledge concerning initial condition effects on the development

of plane shear layers.

1.1, Experimental Facility

A central characteristic of the study was to examine the asymptotic
states of the shear layer created from the laminar and turbulent boundary
layer states on essentially the same flow system; that is, if the two |
boundary layer states are achieved with only minor alterations, then
any influence of the overall geometric features of the flow field and /or
the probe and traverse system will be eliminated. This proved rather
- more difficult than was anticipated, and numerous geometries were
examined. The flow system finally selected is shown in Figure 1. The
flow in the indicated contraction is from a 100 x 152 cm plenum chamber
fed by a one percent feedback speed controlled fan and is 10 x 100 cm at
the exit to the atmosphere. A laminar boundary layer exists at the end
of the 25.4 c¢m plate when a portioﬁ of the streaming flow is bled into the
small plenum chamber over the gap. Conversely, when the bleed flow is
eliminated, a turbulent boundary layer is established at the end of the
plate. The shear layer is the upper edge of the 10 x 100 cm wall jet;
the flow is bounded on the other three sides. |

A computer -controlled stepping motor was used to traverse
the single (Disa gold) hot-wire probe utilized for the boundary layer and
shear layer veloci_ty traverses. A T.I. 360A minicomputer was used .1':0

process the hot-wire signails.. The input voltage was digitized, and its



statistical character was interpreted using a 0.5 fps increment calibra -
tion table. That is, the linearized hot-wire voltage E was processed to
store 30-second averages of E and E2. The combination of these values
allowed u and 42 to be obtained. (Note: For < V > =in + jv.+ kw, the
approximation was made that the single -wire data results in 0 and a2,

This approximation is subject to the usual restrictions of V<< Wand
o2 s 2
g /uz, o /T << 1.)

1.2. Experimental Results

The laminar and the turbulent boundary layer velocity profiles
are shown in Figure 2. The difference in their physical extent is clearly
shown in Figure 2a, and the agreement of the laminar profile with the
Blasius solution is shown in Figure 2b. During the acquisition of the
data, the scope traces suggested that a heaving motion existed in the
laminar layer., That is, the fluctuation level at a point was nonzero,
but it was apparently caused by nonvortical or wave-like fluctuations.
The turbulent fluctuations were as expected. The velocity fluctuation
intensities. presented in Figure 3 confirmed this. A simple analysis
(wherein the laminar boundary layer profile was assumed to maintain
its shape, but with a tizﬁe varying thickness, 6(t}, such that the displace-
ment of any segment of the layer was linearly proportional to its height)
was used to compute the fluctuation intensities. The parameter K was
arbitrarily selected to provide rough agreement at the midpoint of the

velocity profile. The agreement 7etween the resulting analytical form
1/2

_ 2
f;_u = KF”[—(-QSLL ] (1)

m

and the observed 4 values suggests that the physical processes are
similar to those described by‘this model.

However, it was alsc observed that the upper plenum served as
a Helmholtz resonator, and concentrated fluctuations at 70 hz and 80 hz
were observed in the boundary layer spectra for the turbulent and laminar
boundary layers respectively. The resonator frequencies are not con-
sidered to be dynamically significant, Specifically,. the spectra at
x = 2.54 cm show that the fluctuations in the naturally developing shear
layers either swamp the single frequency fluctuation (turbulent case) or

are far removed from it (=800 hz) for the laminar boundary layer. It



is pertinent to note that the Strouhal number for the laminar case is far
below that which is observed in natural transitions in shear layer studies.
(This point will be examined more completely in the final report.)

The normalized shear layer mean velocity data for x = 46, 56,

and 66 cm are presented in Figure 4, and the numerical data are presented

in Tables 1 and 2 for quantitative reference. 'I‘he similarity parameter
was established by plotting u/u versus y -y (-—-) , where the latter 15 the
relative distance from the "centerline! of the veloc11:y f1e1d. The v( 2)
distributions were essentially the same for the two conditions and are
documented in the tables, The apparent origins, x_, of the shear layer
were then established by linear extrapolations of the u/um data from the
three x locations such that u/u = constant for [y -v( é ) /T -x ] For
the lammar and turbulent boundary layer cases, X was ~-1.5 a.nd 2.5 cm,
respectively. _ o

The choice of probability coord1nates for the normahzed data
was in response to the interest in the spread rate parameter o. The
following analysis relates o of the error function description (crf ) té
the standard dev1at1on (a’P b) of a Gauss1a.n process distribution.

'I'he cumulative distribution function for a Gaus s1an process is
Loz . exel -3 (E—i) ] dg

P o

F(a)'[

and the error function form of the mean velocity distribution is

uly*y . 1 *
o _3,{1+erfoY }.

Thé error function is defined as
X 2
2 e

erf (x) dt .

In order to force (2) 'tp be of the form shown in (3), the distribution F is
rewritten as |

'1/2' a 2
Flay=0.5+0z5 21 | exn (-2 at
P P

O

where u = 0 is considered since y* = 0. Note that the integral in (5) is of
the form of an error function. Let !_I,/('\f_Zcrp) =tand df = 'J.Zcr dt. Using
the definition of erf (x) given by (4), rewnte F(u ) as

(2)

(3)

(4)

(5)



Fa) =+ {1+erfa} . o (6

Comparing (3) and (6) and noting that a is the value of t /N2 d'P.) at the

point of interest, we obtain

B o
P

or
_ 1 R
tT Vzo ' (7)
p .

The "best fit" curves for the experimental data are presented in
Figure 5. The ® low |
for the turbulent boundary layer cases, but are markedly different from
the Tflow

a laminar boundary layer. The difference between these results and

values are essentially the same for the laminar and
= 12 value commonly accepted for shear layers generated from

those of earlier studies may be in the disturbance level of the present
laminar layer; this effect is under investigation. Also, it is significant
that the error function satisfa-ctoriljr'describes the shear layer only for
u/um <0.7. This fea_t.l.'ire, as well asg the evaluation of Crlow’ 2TE COm-
sidered to be best revealed by the use of probability coordinates.

In addition to a further examination of the laminar boundary layer
disturbances at x = 0, the developing shear layer prrofiles and conditionally
sampled data to search for the coherent structures observed by other
investigators are considered to be important extensions of the present

gtudies.

1.3. Summary

A flow facility to create a plané shear'layer from a laminar and
a turbulent boundary layer has been established. The spread rate para-
meter, g for these two conditions has been accurately determined.
Itis og o = 9.3 for the laminar boundary layer case, Iand Clow - 9.5
for the turbulent boundary layer case. A four percent (maximum), non-
turbulent disturbance level exists in the laminar boundary layer. Further
_experiments are underway to determine the significance of this distur-
bance level on the asymptotic shear layer.

The commonly used error function, in which Tl ow appears, pro-
vides a good representation of u/umax for 0 Su/um 0.7. Systematic

deviations from the error function are observed for E/umax ~_>O; 7.
4



Figure 1.

Schematic representation of the experimental facility.
(all dimensions in c.m.)
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Mean square fluctuation intensities for the laminar and

turbulent boundary layers and the near field shear layers.

Note: See equation (1) for the theoretical sclution of 4 in
the unsteady laminar boundary layer.
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Spectra to characterize the
boundary layer, y location >
atu/u_ = 0.5 e (f)
m
. 4 )
Note: um/6 ~1.2 x 10" laminar
=~ 960 turbulent

500 h=z

F1gure 3b. Spectral content of the laminar boundary
- - - layer fluctuations (arbitrary ordinate).

| SRV B

0 500 hz

Figure 3c. Spectral content of the turbulent boundary
layer fluctuations {arbitrary ordinate).
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Spectral distributions in the
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Ta‘ble Ia,

Laminar Boundary Layer Case

X = 41(5 cm.

RY POINTS TRAV
. ¥

54362500
5.262500
5.162499
S.062500
44942500
4.862500
%4 762500
b6 2499
44562500
*.462500
4.362%00
4. 262500
4. 162499
4. 062500
3.962500
3.862500
3.762500
3.66250N0
345626500
31,6462500
34362500
3.34T4RQ
L. 247499
3.147500
3,04 7490
2.967500
?.B4 T4R9
2a 747499
647500
2.547490
247500
2+347500
24247499
2« 147500
2.047490

1.94740n

1.R47500
1. 747500
1.54 7500
1.547490
1. 447500

14397500

1. 347500
1.297490
1.197490
1.097500
0,997500,
0,597499
0.791499
697499
0.597500
N, 497498
397499
£,29749%
04197499
0.097499
-0,002500
-0.102499

-0, 202500
=0.302900
—0, 402499
—(.502699
=DL.6025T)
-0,612%00
~0.712%0D
=0,k 12500
~N.Y125n
~1.012500
-1.112%00
~1,212499
=1+%12500
—l.t12500
-1.512500

—1. 712699
=1.812500
~1,9125080
- 012500
=2.112500
=2.212500
—Z.312500
=Z2+%12500
-?.5]12500
«2.612500
-2,61250N
=2.712500
-2,812500
~2.912500
=3.,012500

~1i812500 -

AT X= lA.0000
ve

0.2587T09
0.253333
0.2647956
0.242580
0.237203
0.231827

0,226451

0,221074
0.215698
0.210322
e 204945

C 0.199569
0,194193
0. 184816
0,1A36440
0.178084
6,172687
N.1eT1]
0,141935
0.154558
0.151182
0.,15037%
010469949
0,139623
04134266
04128870
Dy 173493
0118517
0.112%61
04107364
0,1019A8
N.096612
0.091236
0,0R585%
0.080482
0,075106
0.089730
Q.06535%
N.0SARTA

- 0.08%3601)
0.04R22%
0,065537
0, 042884
0,040160
0.034784
0.0Z74048
N.024031
n.HN1R&5H
N.01327%
a,007902

© . D.ON2528
=0.00284%

~DJONRIZE |

=0,01%£02
~0.016978
-N,024359
-0.029131

=0.035107

_=DOEDGRG
~0,045R60
-N.0%1234
-0,0%6613
=0 .,0A1989

~D.062527

-0.04T903 .
-n,073279
-0,078656
-0,0A6032
-0.0R940R
-0.,094785
-0,100161
-0, 105537
-0,110916
-0.116290
-0.121687
-0.177043
~0.13241% -
-0.137796
-0.163172
-0, 144540
-0,15392%
~0. 15930
-0.,166677
~0, 170054
~0. 170064
“0175830
~0. 10080
~0. 100483
-0,19135¢

WiTH 30.000 SEC3/PT
USusAx -
0.06862%
0.06T4b9
0.06T37#
. 069196
0.069959
By DOITBY 7 e
0.069187
0,0T061 4
0.071313
0,07TL547
0.0T1592
0,0T2178
7.072253
0.072599
0.0T2737
0,073176
0,073564
0,0T4TRS
n,075733
0.07e5A9

0,0775660 . L

0,0770TY
0.07B79D i
N, 08006% -
0,0R2026
0.084T69
n.oA8234
0.892430
0.097229
N.101650
0.112108 -
0.122694
0.132843
N.140040 -
0.1359605
0.178045
0.191799 .

%5 ¥ 1 R
0.224702 .
D.242151
a,263166
0,304799
0.2REN45
a,318314.
6331218 .7
0, 361948
0.333519
B.A129T4 - !
0638978 -
D.460802
0405209
0.%16883 - -
B TALLRY o

. 0,5T3103

| 0.4D2617
0829430
04662957,
0,409%09 °

0.721679
T 0.T52709
0.TALR0H
0.8044T6
a.825554
0,824255
0.084351 -
0.RT5034
a.R07T1A
0.914374
- 0,992988 ¢
0,.950388 -
0,958633
0,96T093
0.978032 .
O WRLEGH. . o+
[ 715 I
0. 990602
0.99342% - -
b.995%80 -
0.99%978 §
0.995353
0995499 -
0.99TREY
Q.990094
0, 997583 " - 7
0.99%322
L.000008 " -
0.99828) .

RXc

15

/1247w
U fUmax
Q.082523
G,002565
0. 002672
0.802690
&, 803050

" WLO0M&D -

0.003042
0.00%719
0.003138
0.003832
0.003326
0003850
D.004040
B.004019
#.,00&106
0804431
0.004663
0.005225
2,005264
9.005903
- 04005584
#.00559]
0,005857

" 0006321

02008824
9, 008341 -
S, 010041
G.009536
0.011315
0,014864
N.018T3
0.018051
0.02255F
8.,021477
0.02T907
- 84032648

C. 035479

LT Bh26A

P

0,841823
0.04352]
e O4NIN
B.048531
U, 088TYS
0.,08101%
0.058030

. 0.062T69

0.,007125
0.067193

' 0.066383

0.075294
0.075586

L 0.07048%
' gq0veTLe

0.080774
0, 00390}
0,88 8633
0.082351

e Tt

0. 078797
D.0TR904

C . 0.0T818S,

- 04073150
T ATLTY

.07LT2Y
]
0,063314
0.,457T8a
0,034438

0L 448240

0842914
0.039583
0.034903
5. 03971

0.,017544

L 0.08596

© - 8.012087

7. panisale.
' .o.ot‘i!!
0013981
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Table Ib

Laminar Boundary Layer Case

x = 56 cm.

RH POINTS TRAV
¥
S. 362500
54262500
f.162499
5. 062500
L 2H0U
4 HR SO0
4. 162500
4, 662499
4,.562500
&4.462500
4.362500
4262500
4, 162499
4 ,062500)
3.,962500
3862504
3.7625900
L3 BB 2GON
3.5962500
3462500
3.347489
3.247459
3.147500
3,04 Ta9n
2.967500
2. B4 T4RG
2, 767459
2. 647500
2 5&T8an
2.447500
2,367500
2.247%99
2, 147500
2.047490
1.9474490
F.84T7500
1. 747500
14647500
1.5474%0
L+46 7500
1.397500
P 347500
1,297450
1. 197450
1.0497500
C 0,997500.
D.B97699
0.79T499
N.697499
0.597500
0,4974598
0.397499
0,297493
04197499
0.097499
=-0,002500
-0.102499
-0,202500

-0.302500
04402699
-0.502499
~D . 602500
-0.612500
~0. 112500
~0,812500
~0,912500
-1.012500
~1.112560
~1. 212499
=1.312560
-1.412500
-1.512500

" =1.612500
“1.712499
~1.812500

~L.912500 . -

-2,012800
-2.1) 2500
-2.212500
-2.312500
-2.412500
~2.%12500
" ~2.612900
-2.812500
-2.712500
=2.812500 *°
~2.912500
=3,012800

AT X= 22,0000

ve
D.2Moll%
0,2016%94
0.397289
0.19785%5
D, LARG 20
0. 193995
N 1TH570
0,175146
9.170721
0, 166298
. 161871
0.157446
0.153022
0.148597
Deléestlt?
0.139747
9.135323
.130898
Gul26473
0.,122048
0.116959
f.11253%
nL.1n8110
N.103685%
G.0992A1
G,094R35
0,.,090411
G.0H56R6
Q.0R1561
0,077137
D.072712
0.068247
0,063862
0.059437
©.055012
0.050588
N.046163
N041739
0,037313
0.032889
D.030677
Ne0FBG b4
N.026251
n,021827
0.017402
Q.012977
N.NORS553
N.004128
~0.0002%6
—0.004721
~0.005 1kt
~0,0]3570
=0.017945
=0.022420
=0.026845
Q031264
~0.03%494
~0,040119

~0 o 04h 54kt
=0.048548
=0.,053363
-0.057R14
=0.058260
-0.,086268%
-0.067T110
-0.07153%
~0,075960
-0.0A0384

-0.084809 |

~0.0R9234
-0.,093659
-0.,098084
-0.102508
-0,106933
-0. 111358
-0. 115783
~0. 120207
-0.124632
~0.129057

=0.,133482 -

-0.137907
~0,142331
~0. 146756
~0.148758
T ~0,181181

<04 155006
—0.140030 -

LTQedbands

i e
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with 30.000 SECS/PT

UsUmax
0.072332
0.072293
8.D71041

TH.DTOLOM
0.072332
N.0T2ZHBE
0.D72596
0.072953
0.073443
0.073936
0,075048
n,074915
0,075859
©0,077523
0,078513
0.079615
D.LRLRSS
0.0R2307

DDAB2LE
D.ORAGTT
N, 090565
0.095751

0,098302 .

0. 108281
0.112841
0124309
0.125852
0.1239643
0.148127
Tual60654
D.17R440
0.195105
0.209369
0.220612
0.234275
N.258102

0,269193 -

9.293770

1, 309490
%.327101 .

0.362061
0.3440T1
0,37018R
D,395510
0.419328

D.638566

0.457a39
P.4T79313
0.501485
0.529643
0,548325
0.574527

N.592299 .

0.622371
0.647255
0.669439
D,693291

0,T16499

0.745647
0.769667
0.793711
0, 815053
0.A15873
0.832970
0.858697
0.BR0664
0.0897298
0.908052
0.9259%
0.942633
0.952454
0.964361
0,971402
0477085

0.98190%..

© A.906A815
0.950757
0.9942 54
0. 9940844

0.995TEE

1000000
0.999937
0.99952s
0.99T4 1Y

1M742/7¢

UafUMaX
0.00352%
0.un3b42
0.003287
0.0D3114
0.083750
0.003R/24
0.0031548
D, 004089
0.004356
0,004993
0,006172
U, 505054
U,005074
0.004b44
0.006096
0D.006276
o.d06%47
0,006R2%
0.007 364
0.009193
0.0098 20
Q0,0 3206
D.015R13
0. C15THR
D.01R484
0.01A522
0.019342
0.02n907
©.,023990
Q0.,026712
0,027995
6.034n50
0,037969
0,040013
G.042693
L.043285
4,04319]
Cu04Tbb4
0,054935
0.051552
.059025
0.054261
0.0621 2
\ Q064067
0065604
0.070k01
0.0T2443
L BL.GTDTLE
0.075927
o, 07122
0,07724%
2.074584
4.079355%
CDL.OTR?S2

0.08LATS "
0.08 2380
0.,082182
© 0.081133

(0.080640
0.478858
0.0T6012
0.073218
0.073593
0,071245
0.068445
0.063704"
0.0606 2
0.057383
0.052295
0,048599
0.,043903.
0.040482
0.03%838
0033602
0.030202
0,026T4
0.025117
0, 022649
0,02095}

T 0019634
0.017388 -

- 0aD18826

013913
0.01%217



Table Ic

Laminar Boundary La

X =

66 cm.

Los POILNTS TAAY
¥

T 13TH00

7,637500
7.537434
7.437500
T.337500
7,z237a0n
T L3TEOD
7.0376%9
&.437500
6L.83T500
6,737500
AL B3THON
f,53Tang
6.437500
#.337500
6.237500
fa 137500
AL N3TL O
2937500
5.437500
Set37%00
5.362500
K.2a2500
5. L625459
halb 2500
el 25410
RS aN
4.782500
4. hH26IF
42567500
A ,HA2500
4.362500
4y 262500
4.4B2409
AL 062500
3902500
1862500
3. Th2500
3.6062500
3,562500
3an254a0
3, a02500
1,36 74R9
3,24 7499
3.147500
3,04 7490
2.947500
2847489
7 747499
24647500
Zebu 7490
2697500
2. 347500
224 Thuy
Zelu7500
20147490
1.947490
L. 447500

Vo T4T500
l+a& 7900
L.547490
1.44 7560
1. 347500
14397500
L. 297490
14197490
L.0876N0
0997500
NeB97499
a.797499
N9 i499
597500
0497494
0.397499
N.287499
197499
N.097499
-0.002500
~0,102499
=0.202500
-0.302500
=0 .40 449Y
=0.502299
=0.602%00
0.k 12500
=0.T12500
«0,812500
—, 33 2500
—-3.012500
~1.112500
-1.212499%
=1.312500
=1.4125%00
-i.512500
=1.612500
~1.7124%9
-1.812%00
=1.9412%00
=2.0:2500
~2.112500
~2.212500
~2+312500
=24%12500
~2.51 2508
~2+612500

AT X= 3A,0040

Yz
n.2RA1Zh
0,256367
#.250608
n.2ehReR
h,Ze30R9
nL.Ragae
rL ARG
1.231R10
n.27R051
0.2246292
nN.220532
D.2VR773
n.213an1d
n.209254
0, 205495
0.7n01735
0, 197375
0.194218
DL LUNGET
0146498
N 1R2938
N, ARAL]
L LILES]
N,141322
G P5THA
N, 153803
n. %0066
0.1L6284
nL162525
0,13RTA5
0,135an8
0.131247
.17 T4RT
n.173728
0. 11994R
0 114200
117450
n.10ALY0
f1.10493)
D.INQLET!
n,097417
DML ETLY )
a,043na8
n.negazy
0.0A%STO
PyhRimID
0.0TRD%1
0.074291
0070432

NORATTRS

LT 3]
N.DG9Z4H4
N.nss49%
NLORLTHS
0T A
B.04421H
0041657
N.DI6E9R

N,O3293H
0,029179
nN.nN75%41%
C.0215640
0.017501
¢.19780
n.gpiA021
O.12281
N.ODKSN 2
R.ON4743
N.ONDSIA3
-0.002775
“D ARSI
=N.ul02Ya
-0.014053
~D.7R]12
-0.021%72
~D.H2%331
-N.0290%t
-0.032850
RURLELTNY
=0,040380
~0,0a4]128
-0.06470HB
—0.051647
-0.055407
- UR5T83
-0.059542
~0.063301
-ABATOAL
-0.07T0/20
-0.074580
~0,07TRIID
=0.0RZ098
-0.0R5858
=0.08981%
-0.093377
=~0.09713%6
~0. 100895
-0. 104655
-D. 108414
=0.,112173
-0.115932
~G.119892
~0.123452

~0.127211) .

~0.13097T0

Wit 30,000 SFCSZPT

ver Case

UMY
0,083021
G.NA2756
r,0R305%
n.PR3007
Nn,O0RInGT
N.N4d3&07
[ LY
LPLETY 22
0,0R1628
G.OR3ADE
O.ORARIZ
A.0R4022
N.0Ra3N4
0.0R4I5A
N, R4 T39
A,BR4TH
[N ]
0.nARE]]
n,ORSAQ0]
NLMAGSTL
0, 0AE507
N.HAKIOS
GLNRERZT
DLHINLE
B.0ATTRE
n.RARI B2
fL,DAREES
N.DANSEY
B, NAGATL
n,nans3s
n,080732
0,091147
fNalals
N.NE1704
n.0g2293
0,M0YAS3
n.1N3760
0. 10AGG2
N.112748

S ha120782
n.12203n
N, 12655k
Pa124545
0.133A86
0y 146107
0.150875
0,16203%
D.1716275
G JATA2Z

10200377
0.211715 %
0.218337
ALY AaLbA
0,246135
0, 2h62A
1.2ZRABAT
0,300361
0,3162337

0. 329777
0.,33993H
0,343917
N,3R2634
n,406387
0.61L7RL
0.42R182
N.645R8Y
N,&Sn3)2
G.4RDAOS
n.%53953
N.51705%7
0,5405564 .
0.5597¢62
0.5A3292
a,60630R
0,62459]
0.h&1723
Nab6E36%
0,bR40N6T
D.TNa&32
D,725988
B. 746619
0. TAGHST
N,791507
t.A14A98
N.A] 6427
A, 8208548
0.85192%
0.A6T258
0,RR]1986
8.A9628%
0.909R84
0.219755
0,93395%
O.F46583
D.955013
0. %544 77T
0.269914
0.9T813Y
0.785812
0.,8809772
0,993477
T.99650%
0.99T0T8
1000080
0.99091%

LL/19/TS
1T S UMAX
QL H LR Y
$.0817c2
Q.00194]
Q.001944
Q.CUICF?
vaauzny?
Q.00PYFC
0. 80 2088
0.Q023]12
0,002617
0.00235K
U.0102504
V. 0uzall
0.002457
0.002594
0. 0UP9TH
Q.oerss]
0, 003078
G.0UN 2
0,003415
0.003378
D.093RZ0
0.0037 54
@ 003620
0,06335]
Q.006]178
0.00a7 38

0N00%083

0L,004902
0. QUK ILT
0.00607¢&
0, 004735
0.N0RZTS
D 00TLAH
DL BOTRAE
U U9s 27
0.030653
C.0l236%
B,U1378%
0.D14&260
6,012932
G.017497
BaOLAHNS
0.D1R233
D01AAR9¢
U BZEHTD
W OZRRNT
OaNeghRad
H.02T90%
0.0304u2
0.03212%9
0.,031964
M.0397275
Q. 3T067
U, N&I5TH
G U40971
O,04%037
G.nh a0l

Uuir4S21%
U. Q55041
D.0hT454
0.059478
0.060959
Da06571
G241
UsQbSD2H
D.066 38R
D.069740
D.06R1LY
0, 072294
L.OTDAR]
0.UT4GHE
0,076975
0. 07861%
0.0TRO1H
0,079532
4.075659
0.0TRLSH
0.076532
0,07TB143
2,07TT0T6
0. 078543
0.0T48485
0.073048
0.073938
0.0T0654
0.088120
0.0655A)
0.062944
0.059272
0.056E04%
0.053842
0.050034
8,0455563
D.04213%
0.040321
G.03895
0.032332
0.029617
0.02T068
D.026811
0.021704

0,818800



Table IIa

Turbulent Boundary Layer Case
X = 416; cIm.

6k POINTS TRAV
¥
3.34T4RG
3,247499
3,147500
3.047490
2.947500
Z2.847489
2.T4T499
2.647500
24547490
2.04750D
2.34 7500
2.247449
2.147500
2.047490
1+94 74690
1.847500
1.747500
l.bs 7500
1,54 7490
l.447500
1.397500
1.347500
1.297490
1.19749D0
1.097500
0.937500
N,897499
0.797499
0.697499
0,%97500
D.49T49E
0,397T4099
1. 291499
0,197499
n,097499
=0.002500
-0.102699
~D.202500
=0.302%N00
~0.402499
=-0.50249%9
=D.5602600
=.612500
=-0.712500
-0.812500
-N,212500
=l.012500
=1.112508
=1.212499
=1.312500
=1.412800
~1.512500
=1.4612500
=1.7124%99
=1.812500
=1.912500
=2.012500
~2. 112500

=24 212500
=2.312500
~2.412500
=2.512500
-2.612500
-2.612500
~2.T12500
~-2.612500
=2.912500
=3.012500

a7 X= 18.0000
va

0.11984]
04173959
0.168077
D.162194
0.156312
D.1%082% -
0. tential
"0, 138645

a.1327182 .

0.126901
0.,121018
D,113126;
0.10%254
0.103371
0.097488
0.0%91606
0.GRET24
3,079842
0073959
0.068077
0.045136
D.,042195
N.nN5e253
0,063371
0.047489
0.041406
0.035724
0.,029842
Nn.023959
0.018C77
0,01219%
0.006317
0,000430
=0.005451
“N.011334
-0.031%23A
-0.,073098
-0,02R%A1
-0,034R63
~0.060745
-N.046620
=0.052510
~D 053098
-0.048931
~-D,064863
=N.NTNTL5
=N.NTAEZA
=N.0R2610
-N.RR3TS
-0.064275
«0.100157
=0, 106040
=-0.111922
=0+117804
=0.123687
~0, 129569
=N 1354 5]
-0,1461334

=-N.147216
«f, 153098
~f.15R9H])
-0,1668463
-0.170745
T-=D. 170745
~0.176628
=0.182510
-0.1RE392
-0.194275

WITH 30,00 SECS/PT

U/URAX
N.07515%
G.075354
0.076011
0. 076597
0,071781
0.078756
0,0R0536

0.0B2699

0.084213
0.088352"
0.089504
0.0F4R4R
0.0587997
G.111%63
0.117376
0.127581
G.142%03
0.15460641
0.175784
0,1955t4
0,2N2483
0.211908
0.222580
N.250+99
N,264835
0.792R44
0.320224
0.347045
0.3R0T7 04
D4l 0455
0.439087
D.&bG0G4L
0.491749
0.52R509
n,545%20
D.59823A
0.631460
0.663434
0:702B13

- 0, 739089

N.770323
G.A00232
D.815852
0.844131
0.871R11

0.896181

N.3LID2R
0,9386880
N.953549
0.968458
0.980367
0.9RT403
0.9918%2
0,99201%
N,995855
N.997490
0,998717
0.999008

0.9%9377
0,9959N0&
0.999159
14000000
0.999196
0.998301

“N.996239

18

0.998059
0.99T496

0.996528 °

1L/1iT=

(L FATET N
Q.00 w2d ]
QL 00k bt
0.00662%
0.005366
0.005722
8,005114s
0.005897
V.007445
0.006643
0.,007240
0,009n072
0.010949
a.n10504
0,01k4bZ
0.016959
0.01R56K
D.0225R2
0025500
0,029407
0,034R13
U.0321589
0,034538
0.04003%
0043697
0.043059
0,049136 ..
0,0%1957
C.028RA3
0.0%B566
0.0641363
0.06K507
0.,06R995
0.074818
0.075R9%
D.075875
0.040NA3
0408 060G
a.o078818
0.078554
0.078756

. 0.076505

0.075R40
0.072719
0.06%9142
0.066%13

© Q.089A17

0.055373
Q049527
0. 044071
0.039438
0.033337
0.029%81
0.0258R4
0.023469
0.020472
0.01939¢
0.017504
D.,0146353

0,0144963
0.014065
0.013)44
0,032332
G.011750

. Q4011881

0.011636
0.010300
a.009822
0.009908



Table II b
Turbulent Boundary Layer Case
x : 506 cm.

&8 POINTS TRAV AT Xo 22.0000 WITH 30.000 SECSAPT 1171274

¥ ¥ U/UMAX uE SUMRAX
3,34 7489 0,137612 9,081521 -0.006478
A,247499 . D.132851 O,083087 ¢,.007825
3,147500 0.128089 0.085501 0. 008057
3,041490 0,123327 . 0,087690 : 0.009042
2.947500 0118565 0.089249 0.009459
2.847489 D.1138G3 : 0094175 : 0.010033
2747499 0.,109041 - 0,098498 ' 0,010129
2647500 b0, 104279 0,100927 ©.013037
2.547490 0.099517 0.107640 0.015120
2,447500 D.094756 G.116149 0.016525
2,347500 0009954 G,127606 . 0,017693
2.247499 ' n.585232 - ¢.141099 0.022043
24147500 0.,080470 . 0.145015% 0.025284
2.047490 0375708 0,165269 0.025921
1.947490 0.070946 0.175381 - 0.029757
847500 D 086184 . . 0.192540 0.033026
1, 7475500 0,061422. 0,203623 D.03ISTZ
l'647500 D DEH6A0 - @.22b406 0.036740
1547450 0.051898 . 0.247574 0. 044048
1. 447500 0.047137 C.264242 0.04T6%4
1. 397500 C.0&LT56 0.2A2094 '\ 0.044753
1, 347500 0.042375 © - D.279R85 0.046481
1.297%90 0.039993 0,.298R51 0. 048023
L. 197450 0.935231 - . 0, 370%40 0.0%5501
1.097500 04030470 0,361481 0.057892
t,497500 © D.025708 0.369542 0.058967
a.B97899 D.020948 - 0.3591209 0. 06 1409
0.797499 0.016184 0,417233 . D.06597%
0.697499 0.011422 N.440368 0.DTD% 30
0.55%7500 0.006660 . . D.4AS0R0 D.D7ZRSS
N,43T49R DDA )BIR NutI26TH . D.0T5599
G 39T499 -0,002882 o 0,511 064 0.075045
0.297499 -0.00T624  DL54T7953F D.0T574H
04157499 ~0.012386 0.569470 D.D8OATH
0.097499 =~0.017148 D.60376H5 0.079391
~0.002500 =-0.021910 0.h201686 0.081R06
=0, 1372499 ~0,00667T2 D.659026 0.079993
-0,202800 ~0.03] 424 . D.580419 0.082992
~0,302500 =0,036198 0.710998° 0.080191
-0,402499 T -0,040958 ' D.T234977 D, OBlagd
-0.502499 -0,045720 D.7575B1 0.0763803
-0,602500 -0,05068 ) D.794213 D.DTESAL
=0,612500 =0.050958 0.796475 0.076624
-0.712500 ~0,055720 0.824311 0.073721
-0,812500 =0.0/0441 0.A43463 0.070507
~0,912500 ' -0,065243. D 6448 0.0646935
-l.012500 -0.070005% n,Aglagl D.0&1492
-1,112500 -0,07T4TET n.90R371 0.058928
=-1.212499 -0,079529 0,9249712 U, 0545H4
=-1.312500 =-0,0R4291 0. 9% G094 D, 049955
=1.412500 ~0,.,0A9053 0.952244 0,045723
-1.,512500 T3 093815 0.965823 0.042002
-~L.612500 . -0 09R5Y 0.975126 0.037200
—1.71249% . 103339 : 0.97947R 0.034310
~1.812500 -0,10R101 0,990194 0.029829
=1.912500 -0.112862 0,993030 0.02724al
=2.012500 ~0,117624% 0,995938 0,023996
=2.112500 ~0.122386 0,995854 0.023614
-2.212500 : ~0.12T14A 0.995592 0.021523
-2.312500 -Ny131910 n,939R37 D.019184
-2.412500 -0, 136672 ) 0.999129 D.01B938
=-2.512500 =0.141434 1.,000000 D.01T5985
~2,412500 —0.1846196 0.999419 0.016406
=2.612500 =0. 146196 0.999021 0.016897
-2, 112500 -0,150958 0,999111 D.D16149
-2.812500 ~0,15%5720 0.99B204 D.,015418
-2,912500 -0+ 1604B1 D.99RAKE 0.015224
~3,.,012800 ~0.1458243 0,997256 0.0151T5

0F Poor @Uﬁ%@
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Table Ilc
Turbulent Boundary Layer Case

%x = 66 cm.

TR POINTS TRav AT X= 26,0000 HIT‘-! 30,000 SECS/PT 117127

¥ y& V/UMAX T fu v gy
S5.362500 0.190597 D.072346 0.003%R2
54162499 0.1R2597 . 0744086 0.0Q&B25
4.962500 0174597 £.075042 0.004123
44762500 0,146597 a,075776 D.D040T3
4,56 2500 Nn.I5a597 0,076H50 0.004221
4y 342500 0,150597 a.01TR22 0,005127
s 162499 D.142597 0.080T4E 0. 0059451
3.942500 0.134597 . Q,DRZ26T9 i 0.0057Rg
3.762500 D.126597 .085R32 0.007477
3.562500 O.118%37 0.0%1R6B 0.00R952
3,362500 . D.1105%97 ¢.097270 0.011943
33474089 0.109937 0.055666 0aD0S64%E
3, 267499 0.1056997 0.099%39 U0} 3244
3,147500 0,101997 0.10n2579 0.013567
3.047490 0,097597 #.1n9l4an 0.015459
2.947500 0.093997 0,1157%6 D.01%940
2.84T4R9 0,0%9597 Q127911 0.016699
2. T4 1499 0,0E5997 0,131993 U.0D20537
2.647500 0.08 1997 M.la63ln 0.DZ21717
2.54T490 0,077997 0.152084 0.022926
Zewa 7500 N.073997 0,169724 0.02R477
2.347500 0,049997 n,178394 - 0.026877
74267690 n,0A5997 0.193085 0,0363237
2.147500 0,0A1997 N.20%K37 0.03%537
2. 047490 N.DRT597 0,218104 0.028638
1.94 7490 0.0439497 0.2324R4 0.033501
k847500 0.049997 0,2583h51 D.082005
1. 747500 0.065997 0,26TN6% 0, 0u67RY
1.&647500 D.041997 N.,2R9574 O 06RLIR
1.547490 0.037997 n,302604 0.0492326
teat 750N N,033997 N.,323104 - 0.05320H4
1.3297500 0.035997. N.3431501 sQ5629])
1. 347500 0.029997 0.338417 . DB5R56
1.297490 0.077997 0,357HB9 $.0%5509
1. 197490 Na23997 N,3797246 G.0b17h2
1.097500 0.019997 n,39939% 0.04835330
0,4997500 D.015997 0,422286 U 067125
0.897499 0.011997 D, 644957 0.071757
0.797499 0.00T997 0.662294 u. 072708
0.697499 0,003597 - 0.4A2568 0.075202
0,557500 -N.000ooNn2 0.500009 0.0740413
0,697498 AN, 006002 n,523675 G.07599H
0.397499 =D .NORDDZ N,5%5n0159 ULOTTHLY
0.297499 -0.0128D2 D.577380 0.0408 39
04197499 ~N,D16002 0.595874 0079006
G.097499 ~0,020002 N.H21371 a,07B 146
~0.002500 =0.0726002 N.636399 U, 080642
~0,102499 =0.02R0N2 NehhTHIS U,0B1560
=0, 202500 ~f) 032002 n.6R3IN8R 0.0794NA
=0, 302500 . =0.0356002 N.706653 D.D8 2864
=0.402499 ~0.040002 0.7305%01 U.081339
=0,502499 =0.144002 0.75754% D.DTB255
-U.602500 ~0.048002 n.7740R82 0,07944R8
-0.,612500 =N.043402 0. 787657 D.NTBT 34
=N,713500 —0.0682402 0.A10131 0.07619%
-N.B12500 -NN5R4D7 0.831566 0.073940
“N.912%00 —{) ,(16NLNZ N.A4TH5N 0.071037
—-1.012500 -0,0644052 D.R64514 0.0672%4
-1.112500 ~0.0ARLD2 D.AB&NET 0,064R3R
—1.212499 -0.0724D2 0.901279 0.061239
-1.312500 “0.0Th4D2 . 0.918003 | D.D5TE52
—1.412500 -0.,DA04DZ2 0.931321 00534014
-1l.512500 ~D,0R4402 0.943150 D.D49552
~1.612500 =N.08B&402 0.9%431% 0.04597%
-1.714499 =0.097402 0.963N44 0.043010
~1.812%00 -N,0190402 0.974 605 0,038R22
=1.91250Nn =(.100402 ¢.97B365 0.036319
=2.912500 =0.104402 a,985718 0.032895
=Z. 112500 ~0,108402 G.990917 0.0312R4
=2.212500 ~fl.112802 0,994 604 0.028158
=Zu312500 =0, 1186602 0.,996027 0,026081
=2+512500 =~0.120402 N.99p4B32 0.024128
~2.512500 =0.1724402 0.998923 D.0¢26H1
-2.412500 -0,128402 1.000000 D.0E1504
2612500 ~0.128407 0.999782 D,021612
=2.712500 -0.132402 0.99%388 0.021635
=-2.812500 -0.1356402 0.999334 D.D]19649
-2.912500 04140402 D.99H308 0.0194&32
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